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OPTIMIZATION OF PATHS, TAKING INTO ACCOUNT THE SIGNIFICANCE OF
INTERMEDIATE POINTS
IGOR MAZUROK (igor@mazurok.com), KYRYL VEREMIOV (veremiov@stud.onu.edu.ua)
Odesa Mechnikov National University

This article considers the problem of constructing a path between two vertexes in a graph,
taking into account the properties of intermediate nodes: their significance, location, distance, etc.

Key words: graph theory, multi-objective optimization, Gaussian filter, utility function, path,
route, optimization, trip, tourism, significance, interestingness, attractions.

The graph theory has lots of applications nowadays. One of its uses is to find a path between
two points. Perhaps one of the simplest examples is finding a route between two points on a map.
And today there are quite a lot of algorithms that are good at finding a fairly fast path. But this
article considers the task of finding a path not according to one criterion, like time or distance, but
taking into account another. For example, as a tourist, it may be interesting for us not just to arrive
quickly, but to see some sights along the way. Thus, we can describe this question as a multi-
objective optimization problem: find a sequence of nodes {v;}i-,, such as

N-1
i(z distance(v;, v;y1) = min

=1

L _ ZN:I(vi) - max

where I(n) is the interest of the node function.

To solve this, it was decided to modify the short path search algorithm - A* (star A). As you
know, A * selects the node with the minimum

f(m) = gm) + h(n)

where n is the next node on the path, g(n) is the cost of the path from the starting node to n, and
h(n) is a heuristic that estimates the cost of the cheapest path from n to the destination. The
modification was to calculate g(n) not just as length of the path before, but to include there the
interestingness: such g(n) becomes like the passed path memory function. Let’s name the new
function gi(n). The algorithm A* tries to minimize g(n), and we need to maximize the sum of
I(n), what is equal to minimize the sum of —I(n). So, a utility function that can describe which
node may be preferable at the algorithm step according to the criteria of distance from the beginning
and interestingness and length to the destination can be a function that takes these parameters into
account, for example

)

f) =kgg(m) — k;I(n) + kph(n),
where k;, kg, kj, are the weights for the functions.

For testing were selected graphs, represented by matrixes in which movement is allowed to the
left, right, up and down, except for the barrier points (cells are graph vertices, and edges are
between two cells). Figure 1 shows the result of the algorithm. As we can see, the algorithm gave a
fairly fast path, but added points of interest (POI) to it. So the path is not the fastest, but fast enough
and interesting at the same time. Which is what we were trying to get.

But let's look at the top left corner of the path. The point with a rather high interestingness
value (nine). But it’s not included in the path and is not considered. So, let's try to consider the
points, even far from the viewed ones, to take them into account. Let’s use a Gaussian filter
modification for this:

(P1=%)*+[2-¥)?
I(x,y)e 207

GI (xl 3’) = 27_[0_2
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It can exactly give the highest result, when the (x,y) is the point (node) of interest (py,p2)
and the lower the further (x,y) from (p;,p,). So, the idea is to add a term to the f(n), that
considers how far of the interesting point the viewed point is (and how much the point interesting
iS). Thus, for each POI, we can calculate the filter and sum it with other point filters - this way we
can get one filter F. So, using a coefficient k. for the filter, the utility function for a node can be

f() = kgg(n) — k;I(n) — kpF(n) + kph(n).

Also in this way, the values of the concentrations of attractions can be summarized and the
overall attractiveness of the area can be considered.

Thus, as we see in figure 2, we have received another POI with a fairly high score of interest
in the route. Two more examples are in figures 3 and 4. This way, considering the intermediate
nodes we ca

Figure 1 Figure 2

-barrier; -start;
-fast path; -viewed cell;

[ |
Figure 3 Figure 4
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